® J) 



EuropSlschos Patontamt 
European Patent Office 
Office europ6en dee brevets 




@ Publication number: 0 454 349 A2 



(g) 



EUROPEAN PATENT APPLICATION 



(g) Application number: 91303405.4 
@ Date of filing : 17.04.91 



® lntCL»:C09D5/32 



(g) Priority: 23.04.90 US 513146 

@ Date of publication of application : 
30.10.91 Bulletin 91/44 



@ Designatad Contracting States : 
DE PR GB IT SE 



@ Applicant : HUGHES AIRCRAFT COMPAMY 
7200 Hughes Terrace 
Los Angeles, CA 90045-0066 (US) 



@ Inventor : Chang, David B. 
14212 Lhflngston 
Tustin, Califomla 92680 (US) 
Inventor : Jlcha, Albert J. 
5307 Via Del Valle 
Torrance, Caltfbrnia 90505 (US) 
Inventor : Pollack, Slava A. 
628 Via Del Monte 

Palos Verdes Estate, Califomia 90274 (US) 

Inventor : Shih, l-Fu 

3351 St Albans Drive 

Los Alamitos, California 90720 (US) 

@ Representative : Colgan, Stephen James et al 
CARPMAELS & RANSFORD 43 Bloomsbury 
Square 

London WC1A 2RA (GB) 



@ Selective emisslvify coatings for Interior temperature reduction of an enclosure. 

@ Selective emlsslvity coatings are diedosed for temperature reduction of endoeures such as vehides 
and building atmcturas. The coating indudes a selective emiseivity material such as silicon-oxy-nitride 
having a desired thennal emissivtty lijncfion which is high in the 8-13 micron wavelength region, and 
low elsewhere except in the visible wavelength region. The material provides a mechanism for radiative 
cooling of the endosure by converting the blackbody radiation of the endosure, which would be 
reflected by the earth's atnrK)sphere, Into far infrared radiation which la transmitted by the atanosphere. 
According to another aspect of the Invention, the coating further comprises a semimetal which is 
reflective of radiation in the near infrared region, thereby redudng the solar heat toad on the endosure. 
One suitable semimetal is LaBs. The coating may be applied to the exterior surface of vehide and 
building windows, or to the exterior, non-window surfaces of building stnictures. For the latter, the 
coating may take the fonm of a conventional paint to which is added tiny partides of the semimetal and 
selective emlsslvity materials to achieve ttie radiative coding and reflection of incident inftared 
radiation. 
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BACKGROUND OF THE INVENTION 

The present Invention relates to the reduction of the interior temperature within an enclosure such as a 
building or a vehicle which Is exposed to solar radiation. 

5 Control of solar heal load is an Important problem, particularly to the automobile industry. Absorption of 
excessive amounts of sdar radiation by the vehicle surfaces can result In higher interior temperatures, reduced 
passenger comfort and amenity, accelerated degradation of Interior materials, and increase of the requirement 
for laiger air conditioning units. Under extreme static-soak conditions, which can occur in vehicles parked In 
the hot summer sun, especially In a desert climate, surface temperature within a closed car can reach over 

10 200<*F and the entire thermal mass of the car can be raised to a high temperature. 

Increasing the cooling load of the air conditioning unit to ameliorate heat discomfort would go against the 
trend currently prevailing In the automobile Industry. Automobile engines are being downsized to reduce weight 
and improve fuel economy and are less able to handle the power drain of the larger air conditioners. A recent 
concern to industry and Government is the role played by automotive air condiUoners as a source of chiorof- 

16 luorocarbons (CFC) released into the atmosphere; increased cooling load will lead to even larger air condition- 
ing units, which will exacerbate this problem. Thus, there is a need for new technologies end passive design 
solutions which would lead to reduced solar heat loads and allow reduction of air conditioner size. These cooling 
alternatives would result In reduced CFC emission and increased vehicle fuel efficiency. 

The automobile glazing is by far the most important factor contributing to the heat problem due to excessive 

20 solar loading. A standard sedan typically has over 20 square feet of window area and the glass areas of a sports 
model sedan can exceed 30 square feet Because of this fact, glazing can be responsible for over 70 percent 
of the solar thermal load buildup In a parked car. This imposes an additional requirement on the coating, i.e., 
it should not impair vision through the glazing below the legal limit The Federal law (American Standard Safely 
Code 21 6-1 938) requires that all glass in passenger automobiles must transmit 70 percent of the visible light 

25 weighted to the illuminating source "A." The source "A" Is a blackbody radiating at 1 ,416*C {2,581*'F). The spec- 
tral output of the blackbody at this temperature is weighted more heavily ^in the yellow and red regions. There- 
fore, coatings with high transmlsston In the greenred region and low transmission, i.e., high reflection, in the 
ultravk)let-blue and infrared regions could satisfy the legal requirements and, at the same time, control a liarge 
portton of solar radiatton. It is theoretically possible to reflect 72 percent of the total solar radiation by this 

30 approach and still be within the legal glass transmission limits. 

To show the effect of glazing, numerical calculattons of the interior air temperatures for the standard and 
sports model sedan simulatons were discussed in the paper "OTede of Glazing and VerOliatlon Options on 
Automoblie Air Conditioner Size and Performance," R. Sullwan and S. Selkovits, Lawrence Berkeley 
Laboratories, September 30, 1988. The simulations discussed in the paper covered the course of an entire day 

35 under soak conditions in Phoenix, Arizona. The analysis was accomplished using afinite difference heattrans- 
fer computer simulatkm program called ESP. This program was developed to analyze convective. conductive, 
and radiative heat flow in buildings. The simulation were conducted using weather data for a typical June day 
with the outside temperature increasing from 27''C (8rF) at 8 a.m. to a peak of 40'C (104*^F) at 6 p.m. The 
inckient solar radiation on a horizontal surface peaked at 3 p.m. at a value of 1 ,050 Wnr*. The results of these 

40 calculations present the interior air temperahjre variations for two rhodeis and for four solar transmittances, 83, 
43, 23, and 3 percent A transmission of 83 percent is essentially transmission of a clear glass; solar transmit- 
tance of 23 percent Is the closest to an ideal coating which would allow 70 percent transmission of the visible 
light emitted by a 1 ,41 G'^C blackbody. It follows from the paper results that use of reflective glazings would pro- 
vide a substantial reduction in the interior air temperature as the transmittance is decreased. 

45 A solar control coating which transmits only 36 percent of solar radiation, and yet transmits 70 percent of 
the visible spectrum emitted by the 1,416''C biackbody, is described in "Auto ^lar Control," P. Young and R. 
Bernard!, SAE 880050 (1988). The developed film is a stack of thin metal and dielectric layers. The metal Is 
highly reflective In the infrared to reflect heat from the sun and the dielectric layers modify transmission charac- 
teristics of the film in the visible, to transmit visible light 

so Another coating known as "Sungate" is described In "Sun Stopper," Popular Science, October 1989, at 
page 66. This coating consists of a stack of metallic and dielectric films sandwiched between two glass plates. 
The test reported in this article showed that Sungate glass kept the vehicle interior only between 5 and lO^'F 
cooler than standanJ glass. The considerable discrepancy in the interior temperature between computer model 
predictions and actual test values can be attributed to the 'greenhouse* effect which builds up slowly due to 

55 the absence of radlatWe cooling. Due to Its slow Increase, this effect becomes important and affects more the 
full-day soak interior temperahires than one-hour temperature values. 

The inherent limitations of the Sungate-type glass can be understood from the following simple thermal 
analysis. The visible solar radiation penetrating through the Sungate glass heats the autonfX)blie Interior to a 
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temperature In the 150-200°F range. At these temperatures the Interior emits maximum radiation, according 
to the blackbody law, In the 8 to 10 urn spectral region. Glass is opaque to this radiation; the glass plate facing 
the interior fully absorbs this radiation and heate up unto Its temperature becomes equal to the interior teno* 
perature. The interior glass plate cannot dissipate heat radlatively because the path to the outeide is blocked 

5 by the metellic films comprising the Sungate coating which reflecte Infirared radiation. Thus, glass can only 
reradiate heat back into the interior creating the "greenhouse" effect The only cooling mechanism open to the 
interior glass Is non-radiative through heat conduction to the exterior glass plate. However, conducth/ity of the 
metal-dlelecb-lcfllm stock is poor, therefore this mechanism is Inefficient. As a result, there is a temperature 
gradient across the Sungate glass thickness, i.e., the inner surface is hotter than the outer surface. 

10 One approach to reduce the solar heat load of an enclosure (for example, a vehide or a building) is to coat 
the outside of the enclosure with reflecting materials which reflect all the adar radiation. However, for the win- 
dows of cars or houses, it is definitely not a desirable solution, because then visible light will not be able to 
pass through the windows. Even for non-window areas, from an esthetic point of view, it is often not desirable 
to reflect all visible light 

IB Another known type of control coating Is a holographic film which acte as a holographic filter to transmit 
only the portion of the solar spectrum which Is In the visible. The disadvantages of the hdographicfilm are angu- 
lar dependence, grating effect and questionable far IR emissivity. 

The disadvantage of these films is that they also trap the heat; i.e., the fDm only slows down the heat build- 
up, but eventoaily the heat is trapped inside the enclosure. The visible solar radiation penetrating these films 

20 can eventually heat the Interior of a vehicle to a temperature In ttie 150**-200*»F range. At these temperatures, 
the Interior emits maximum radiation, according to the blackbody law. in ttie 8-10 jim, spectral region. The 
interior heat cannot dissipate radlatively because tiie suriiaces will reflect infrared radiation. The only other pas- 
sive cooling mechanism is through conductfon. However, most building materials are poorthermal conductora. 
As a result, the Inner surface is hotter than the outside surface. 

25 Similar problems and considerations apply to enclosed building stmctures. Such structures can be heated 
by solar radiation to an extent that occupante are uncomfortable, leading to increased use of energy to cool 
ttie stnicture interior. 

It is therefore an object of the present inventton to provide a radiative cooling means for reducing the temv- 
perature inside an enclosure which Is exposed to solar radiation. 
30 A forther object la to provide a coating which reflects incident solar radiation in the infrared, and yet permits 
heat witiiln the enclosure to be rerediated to the atmosphere as infrared radiation In the 8-13 »un range. 

SUMMARY OF THE INVENTION 

3S in accordance wiUi tfie invention, a selective emissivity coating Is provWed for interior temperatore reduc- 
tion of an enclosure. The coating comprises a selective emissivity material characterized by high tiienmal emis- 
sivity in the S-13 \m wavelength region. The material provides a means for radiating to the atmosphere the 
radlatton emitted within ttie enclosure. The Invention exploits the wavelength selective property of the earth's 
atmosphere, which readHy transmite energy In the 8-13 ^m waveiengtti region. Exemplary selecthre emissivity 

40 materials suitable for ttie purpose Include siiicon-oxynitride and Uie heavy metal oxides. 

According to another aspect of tfie invention, flie selective emissivity coating fiirtiier comprises a semlmetal 
which provides a means for reflecting Incident solar radiation in the near and mid-infrared wavelengtti regions. 
LaBe is an exemplary suitable semlmetal. Such a material serves to reduce the solar heat load by reflecting 
ttte Incident solar infrared radiation. 

45 One coating embodiment of ttie Invention comprises a firat tfiln film coating of a semimetal, to which Is 
applied an overcoating of a thin film of the selective emissivity material. The coating is applied to a surface of 
a vehicle or building window, or tfie exterior surface of anottier building structural element The semlmetal film 
provides a means for reflecting Incident solar radiation while transmitting visible light energy. The selective 
emissivity material provides a means for effidentiy radiating Infrared radiation In the 8-13 pm range, thereby 

BO cooling Uie enclosure interior via radiation. 

In anottier preferred embodiment, ttie semlmetal and selective emissivity material are applied as a single 
coating, e.g., by dipping the window or structural element In a liquid batfi containing in mbced suspension tiny 
particles of these materials, or by spraying ttie surface to be coated wltti a liquid containing the tiny particles. 
In a further embodiment, the coating is applied between two laminated singleta comprising a laminated win- 

55 dow structure. 

The coating can furtiier comprise a paint coating, wherein ttie semlmetal ad selective emissivity material 
particles are mixed Into and suspended wittiin ttie othenwise conventional paint 

As a furtiier alternate embodiment, the particles of ttie selective emissivity and semlmetal materials are 
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embedded within the glass comprising the window. 

In other embodiments, the coating includes the selective emissivity material, yet does not include the 
semlmetal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features and advantages of the present Invention will become more apparent from the 
following detailed description of exemplary embodiments thereof, as illustrated In the accompanying drawings, 
In which: 

FIG. 1 1s a graphical depiction of the U.S. standard atmospheric'radiance and radiance of a blackbody at 
T = 288.1 °K between 5 and 50 ^m. 

FIG. 2 Is a graph of emissivl^ versus wavelength, showing an Ideal emisshrily function of a selective emis- 
sivity material employed In a coating according to the present invention. 

FIG. 3 is a simplifled side view of a vehicle having glazing coatings in accordance with the invention. 

FIG. 4 is a cross-sectional view of a vehicle window of FIG. 3, showing the window and coating. 

FIG. 5 shows the reflection edge of a thin film made of LaBe, and FIG. 6 shows the film's reflection spectrum 
in the Infrared. 

FIG. 7 Illustrates the infrared diffuse reflection spectrum of an exemplary coating embodying the invention. 

FIG. 8 Is a graph showing the abrospheric transmission (%) as a function of wavelength. 

FIG. 9 shows a single layer coating comprising both the semlmetal and the selective emissivity material. 

FIG. 10 shows a coating In accordance with the Invention which is sandwiched between two singlets com- 
prising a laminated window stmcture. 

FIG. 11 shows a paint coating in accordance with the Invention which Is applied to an external surface of 
a building structural elenwnt 

FIG. 12 illustrates a window wherein tiny particles of a semlmetal and a selective emissivl^ material in 
accordance with the invention are embedded within the glass of a window. 

FIG. 13 Illustrates a coating in accordance with another aspect of the Invention, wherein the coating com- 
prises a selective emisshfity material, and does not include a semlmetal material. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The invention relates to a special coating (or paint). When the coating is applied to the outside suriaces 
of an enclosure, it can reduce the Inside temperature of the enclosure. 

Radiative cooling is an effective passive means to lower the surface temperature below that of the ambient 
by making the surface highly emissive in the 8-1 3 ^m region, i.e., in the region of low abfnospheric thermal emis- 
sion. To avoid the heat-trapping effect (or greenhouse effect) according to the teaching of this Invention, coat- 
ings with this thermal emlssMty property In the 8-1 3 (im specbBi region are used to effect the radiative cooling 
mechanism. FIG. 1 shows U.S. standard atmospheric radiance and radiance of a blackbody at T = 288.1 "K 
between 5 and 50 (im. The areas under the black body and atmospheric radiance curves represent the amount \ 
of radiatksn emitted and received by the blackbody In the infrared region. Since the amount of radiation emitted 
by the blackbody exposed to the sky exceeds the amount it receives from the sky in the 8 to 20 pm region, its 
tamperatuFS will drop until equilibrium Is established. It can be calculated that for T s 288.1 K the inftlal radiance 
difference or ttie initial cooling power density will nnount to 1 13 W/m^. 

ConsMer now a selective thenral radiator characterized by emissivity e » 1 between 8 and 13 }im and e 
° 0 elsewhere, radiating and receiving ancient infirared rediatton at T « 288.1''K. The initial cooling power den- 
sity will be sllghdy less than that for the blackbody. I.e.. 93 wrn^; however, to establish equilibrium, the eelectlve 
radiator wIQ drop to lower temperatures than the blackbody. 

The radiative cooling power P^d (excess of radiated power over retumed power) in the cases of the black- 
body and infirared selective surfaces can be determined from eq. 1, representing the net radiative flux which 
Is expressed as a difference between the outgoing and Incoming spectral radiances: 




0 0 



[W3(X,T,)-W.(e,l,Tn)]dl 



(1) 
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where 6 represents the angle between the surface normal and the radiation direction, p represents the wave- 
length-and-dlrection dependent reflectivity, Ws(XJ.) Is the spectral radiant power density of the emitting sur- 
face, Wa(0),tJa) is the radiance coming firom the dear sky, and d denotes the differential element. The first 
integral in eq. 1 represents hemispherical averaging of surface emittance €(e,X) » 1 •p(eA). The radiative cool- 
5 ing causes a temperature drop 
AT = T.-T. 

From the at)Ove discussion, it can be seen that a metal or semi-metal film by itself, due to Its negligible 
emissivity In the 8-13 )un region, cannot completely solve the problem of reduction of interior heating. Such a 
film can slow down the heating process, but for longer exposure the film can produce little, if any, tamperBturs 
10 reduction. (It is well known, for example, that chrome plated vehicle bumpera exposed for an extended time to 
sunlight become as hot as tiie rest of the vehicle body.) To effect radiative cooling, a material witii a selective 
emissivity €, such as e « 1 behveen 8-13 pm and € » o elsewhere (except t>etween 0.4 - 0.7 iim, to provide 
fbr good transmission of visible light. Important for windows), can be used. This ideal emissivity characteristic 
is Illustrated in FIG. 2. 

IS Band theory provides a simple explanation of electrical and optical properties of semimetals. The conduc- 
tion band electron occupancy in semimetals Is tiie result of a slight conduction-valence band overiap. Due to 
tills band arrangement, semimetals. In general, have a larger free-chaige carrier concentratton tiian semicon- 
ductors. The free-charge caniere in the conduction band are not only responsible for the electrical conductivity, 
but also give rise to absorption of electromagnetic radiation, characterized by ah absorption edge, whose spec- 

20 tral position depends on the free-charge canrier parameters, such as concentration, mobility, effective nnass, 
etc. By varying these parameters, It is possible to adjust the absorption edge wavelength. 

In accordance witti one aspect of tiie invention, an improved coating for automobile glazings is provided 
which will effectively reduce tiie solar heat load on tiie automobile interior. The operatton of the coating employs, 
in one aspect, the same principle as ttie existing coatings, I.e., reflection of solar radiation in excess of 70 per- 

25 cent of the visible radiation con-esponding to tiie emission of 1 ,41 6°C blackbody. IHowever, unlike the existing 
coatings, the new coating has good thermal conductivity and an efficient emissivity property in the 8-13 ^m 
region. Thus, tiie new coating takes advantage of tiie radiative cooling and effectively controls tiie interior tem- 
perature by radiating the excessive heat to tiie outside. 

30 First Coating Embodiment 

Afirst embodiment of a coating embodying the invention is fbr application to window glass or other structural 
elements exposed to solar radiation. A prefen-ed application Is for vehicle window glazings, as ilhistratad In FIG. 
3, Here, tiie vehicle 10 has several windows, including exemplary window 12. As shown in the cross-sectional 

36 view of FIG. 4, a coating 1 4 is applied to the exterior surface of the window 1 2 (In practice, the coating will typi- 
cally be applied to alt the vehicle windows). The coating 14 includes a single semimetal fSm 18 formed on the 
exterior facing surface 13 of tiie window. The purpose of dielectric layere in tiie known coating configurations, 
such as Sungate glass, Is to modify film transparency in the visible. Without dielectrtes the metal films would 
have a min-or-llke appearance in tiie visible because metal reflection edges are usually In tiie ultraviolet region 

40 of the spectnjm. Unfortunately, dielectrics affect adversely thenmal conductivity of tiie stack reducing it to a low 
value. 

The wavelengtiis of semimetal reflection edges, on the other hand, can be adjusted to be In tiie red or near 
Infrared regions. Thus, a semimetal film can be made transparent in tiie visible and, at ttie same time, reflective 
In the infrared. Reflection edge wavelengtti seiectton for ttie new film 14 is dictated primarily by the conslder- 

45 ations of reflecting maximum solar energy compatible witti the requirement of 70 percent transmisston of the 
visible portion of ttie spectaim emitted by ttie 1,416»C blackbody. The optimum reflection edge wavelengtti, 
thus, should be somewhere between 650 and 700 nm. 

There are several known semimetals whose reflection edges fall Into 650-800 nm spectral regton; among 
ttiem are some rare eartti and other metal borides and chaicogenldes, such as l-aBe, LaTe, and SbSa. FIG. 5 

SO shows ttie reflection edge of a fliln film made of LaBa and RG. 6 shows Its reflection spectaim in ttie infrared. 
The L^B« thin frim exhibits strong reflectton ttirough the entire Inftared region. 

Due to its good themnai conductivity the semimetal film comprising the coating 14 will also serve anottier 
important purpose. As previously discussed, ttie only cooling mechanism open to the automobile glazing over- 
coated witti an Infirared reflecting film is ttirough heat conduction to the outemiost surface. Because of low emis- 

ss sivity In the Infirared, ttie semimetal film 16 can efficiently conduct heat but not radiate it In accordance witti 
tiie teachings of the present Invention, ttie semimetal film is overcoated witti anottier thin flim 18 transparent 
In ttie visible and emissive in the Infrared. To maxlmb» ttie radiative cooling properties of ttilsfilm its emissivify 
should be confined to ttie 8-1 3 pm region. 
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In order to produce absorption in the 8-13 \xm region necessary for the radiative cooling effect, the LaBe 
thfn film Is coated with a thin film made from a selective emissivity material such as siiicon-oxi-nitride (Si-Ox-Ny). 
The results obtained are shown In FIG. 7 which.depicts the infrared diffuse reflection spectrum of LaBe filni over- 
coated with SiOo^o^ film on an alun^num substrate; both fSms are 0.5 )m thick. Formation of an absorption 
5 band In the right infrared region is clearly visible. 

Other selective emissivity materials which may be used are the metal oxides, and particularly the heavy 
metal oxides, such as zirconium oxide and thorium oxide. Aluminum oxide will work, but not as efficiently as 
the heavy metal oxides. Since aluminum oxkie has high emissivity in the 5 to 10 ^ range, part of the radiated 
heat will be reflected bade from the atmosphere, since the atmosphere Is characterized by good transmisdon 
10 properties for radiation In the 1-5 |im and 8-13 ^m and by poor transmission of radlatton In the 5*7 \m regton. 
(This Is shown in FIG. B.) 

It is instructive to compare perfomnance and property similarities and differences between the new auto- 
mobile glazing coating for reduction of solar heat load and the multflayer films used in the laminated conuner- 
clally available glasses, such as Sungate glass. Both operate on the same principle, i.e., maximum reflection 

IS of solar Infrared radiation and transmission of legally required visible radiation. One difference is in the thennal 
conductivity of ttie infrared reflecting fDm: poor in Sungate glass and excellent in the proposed semimetal coat- 
ing, the second difference is In the radiative cooling ability of the outemiost surfaces. Glass has good themial 
emissivity in the Infrared, however, being a broad-band emitter, its radiative cooling is not as efficient as that 
of the proposed narrow-band emitters, such as SiOxNy. Transmission characteristics of a multilayer film is angle 

20 dependent, whereas that of a two-layer film Is not The new coating is much more economical and less expen- 
sive than the vulnerable film stack which requires encapsulation through a complicated glass laminating pro- 
cess. Since SiOxNy is harder than ordinary glass, this film can serve as a protecthre coating against scratches. 
The proposed coatings could also be applied to existing automobiles without glazing replacement One method 
of application is spraying the window with a liquid comprising a binder In which are dispersed tiny particles of 

25 the semimetal and the selective emissivity material. 

Another technique for fabricating the coating is to sputter the thin films onto the exterior surface of the ve- 
hicle window. Sputtering of thin fDms is well known. For example, afirstfilm of the semimetal can firet be formed 
on the exterior surface of the window glass, to a thickness of several microns, say in the range of one-half to 
tons of microns. Then a second layer is sputtered onto the first layer, the second layer being the selecthre emis- 

30 sivity material, such as silicon-oxy-nitride, to a thickness on the order of a micron. The thickness of the films 
is limited by the transparency requirement 

Second Coating Embodiment 

3S A coating in accordance with the teachings of the present Invention need not be fbnmed of two films, one 
of the semimetal, the other of the selective emissivity material. The coating may be a single layer comprising 
both the semimetal and the selective emissivity material. FIG. 9 shows, In simplified fonm, such a single layer 
coating 30 comprising both the semimetal and tiie selective emissivity material applied to an external surface 
32, such as a window surface. Such a coating may be fabricated as a thin film applied to a window surface by 

40 a sputtering technkiue applying both the semimetal and the selective emissivity material Interspereed in a sub- 
stantially uniform manner over the window surface. Altematively, the coating may be applied to the window or 
building structure surface in the form of a spray comprising tiny particles of the semimetel and the selective 
emissivity material, suspended in a liquid binder such as alcohol or other suiteble binder liquid, such as ether. 
Once sprayed onto the surface, e.g. from a spray bottle or apparatus, the alcohol evaporates, leaving a ttiln 

45 coating of the semimetal and selective emls^lty particles on the surface of the window or building structure. 
Another technique for applying ttie coating Is to dip the window or building structural element in a bath com- 
prising tiny particles of ttie semimetel and ttie selective emlssh^ity material, suspended in a liquid binder, such 
as alcohol. As the window Is removed from the batti, a ttiln coating of ttie bath fluid adheres to the surfaces of 
ttie window, and ttie binder evaporates, leaving the coating of the semimetal and selective emissivity particles 

50 covering the surfiaces of ttie window or building structural elemente. 

It is presentiy believed ttiat particle sizes in the ten to one hundred micron range would be suitable fertile 
application of ttie coating. The particles In the required size range can be obtained witti conventional methods 
of grinding and meshing. 

It Is believed ttiat ttie number of particles na per unit area In the partide layer should be defined by Equation 

55 2: 

ndl^1/<T.b, (2) 

where 1 is ttie ttiickness of ttie particle layer and Is the absorption coefficient of tiie particles at the long 
IR wavelengttis. One crude estimate of ttie density of partidea is given by Equation (3): 
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ndl^(cmw)/(4«e2) (3) 

where c is the speed of light, m is the average particle mass, e is the electron charge, and w Is the absorption 
line width In sec^. 

5 Third EmtxKiiment 

Another emlsodiment of a coating in accordance with the invention is employed with windows which com- 
prise two window singlets which are laminated together to forni a composite window structure. Such laminated 
window stnicturss are commonly used for vehicle windshields, for example. In this embodiment, the ooafing 
10 40 in accordance with the invention is sandwiched between the two window singlets 42 and 44, as shown In 
FIG. 10. The coating 40 may be febricated as either the two distinct layer coating as described with respect to 
the first embodiment, or as the single layer coating described with respect to the second embodiment. The coat- 
ing 40 is protected from damage by exposure to the atmosphere by the respective window singlets 42 and 44. 

IS Fourth Embodiment, 

Another alternative embodiment of the invention is a paint for building structures, as generally illustrated 
In FIG. 11, wherein the semlmetal and selective emissivity material partides are mbced into and suspended 
within the otherwise conventional paint, to be applied to fonm a coating 50 to an external surface 52 of the build- 
20 ing structure 54 exposed to solar radiation. Here again, the suspended particles of the semlmetal will reflect 
bifiBred radiation, and the particles of the selective emissivity material permit radiative cooling to occur. 

Fifth Embodiment 

25 In a further embodiment, the particles of the semlmetai and selective emissivity material are not applied 
as a coating to the window or buDding staicturai element, but are dispersed or suspended within the window 
glass or struchiral element Thus for the window, tiny particles of the semlmetal and the selecth^e emisslvit/ 
material are added to the mdten glass as the window is being fonmed. A window fbnned by such a technique 
is illustrated in FIG. 12, where the partides 60 represent the suspended partides of the two materials, the 

30 semlmetal and the selective emissivity material suspended within the glass comprising the window 62. 

Sixth Embodiment 

In each of the foregoing embodiments of the invention, a semlmetal has been employed as a constituent 
35 part of the coatings to provide a mechanism for reflecting incident solar radiation in the infrared spectrum. Hov^ 
ever, for some applications, the semlmetal may not be needed or used. In accordance with another aspect of 
the Invention, a coating Is provided which comprises the selective emissivity materiai but which does not indude 
the semlmetal material. Thus, for example, the coating 14 of the first embodiment would be modified to omit 
the layer 16 of the semlmetal material, as illustrated In FIG. 13. where the coating 14' consists of a layer of the 
40 selective emissivity material. The coatings of the second and third embodiments Is modified to omit the partides 
of the semlmetal. The paint of the fourth embodbnent is nradified to omit the partides of the semlmetal. The 
particles of the semlmetal are omitted from the glass of thefifth embodiment In each case, the modified coatings 
and paint indude the selective emissivity material to provide a mechanism for radiative cooling. 

It Is understood that the above-desoibed embodiments are merely lilustrathre of the possible speciflcenv 
45 bodlments which may represent principles of the present invention. Other arrangements may readily be devised 
In accordance with these prindples by those skilled in the art without departing from the scope of the invention. 



Claims 

80 

1. A method for cooling a space being heated by sunlight incident through one or more transparent windows, 
comprising: 

the step of dispersing or applying a material within or adjacent to regions of said window, wherein 
said material Is characterized by high emissivity with respect to radiation in the far Infrared wavelength 
S8 spectra and low emissivity with respect to radiation in near Infrared wavelength spectra. 

2. The method of Claim 1 wherein said material is in the form of tiny particles, and the sIzb of the partides is 
In the range between ten and one hundred microns. 
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3. The method of Claim 2 wherein said particles are dispersed within the window glass. 

4. The method of Claim 3 wherein said material is in a film applied to a surface of said window. 

5. The method of Claim 1 wherein said space is the Inleriorof a vehicle, said window being the vehicle window. 

6. The method of Claim 1 wherein said material comprises one or more of the oxides of metals. 

7. The method of Claim 1 wherein said material comprises sillcon-oxy-nitride. 

8. The method of Claim 1 wherein said material comprises zirconium oxide. 

9. The method of Claim 1 wherein said material comprises thorium oxide. 

IS 10. Solar heat load reduction coating for automoUve glazings, comprising; 

a semimetai film which is substantially transparent to visible light, and reflective of energy in the near 
infiwed spectral region; and 

a thin film of a selective emfeslvlty material characterized by its transparency In the visible light spec- 
trum and its high emlssivity in the Infrared wavelength spectrum between 8-13 ^m, 
20 wherein said semimetai film serves to reflect incident solar radiation in the infrared spectrum and 

thereby reduce the solar heat load on the vehicle, and said film of the selective emlssivity material serves 
to radiate the far Infrared eneigy emitted by the vehicle away to space outside the vehicle, thereby providing 
a mechanism for radiath^e cooling of the Interior of the vehicle. 

28 11. The coating of Claim 10 wherein said semimetai Is characterized by a reflection edge wavelength in the 
650 - 800 nm spectral region. 

12. The coating of Claim 10 wherein said semimetai comprises one or more of the group comprising LaBe, 
LaTe, and SbS^. 
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13. The coating of Claim 10 wherein said selective emissivlty material comprises one of the group comprising 
sHicon-oxi-nitride and the oxides of metal. 

14. The coating of Claim 10 wherein said semimetai is characterized by a reflection edge wavelength between 
38 about 650 nm and SOOnm. 

15. The coafing of Claim 10 wherein said selective emissivlty material le characterized by high emissivlty within 
the 8-13 ^m spectral wavelength range, and low emisslvily outelde this range, except In the visible 
wavelength region. 



40 



16. The coating of Claim 10 wherein each said film has a thidcness of several ^m. 

17. The coating of Claim 10 further characterized by a first thin film of said semimetel and a second thin fHm 
of said selective emissivlty material. 

45 

18. The coating of Claim 10 wherein glazing is a laminated structure comprising first and second laminated 
singlet members, and wherein said semimetel film and said selective emlssivity material film are 
sandwiched between said firet and second singlet members. 

00 19. Acoatingforinteriortemperaturereductionofaspaoeendosed by structural elemente, comprising a selec- 
tive emlssivity material characterized by high themial emissivlty of radiation in the 8 to 13 |im wavelength 
region, said material responsive to heat energy radiated from said enclosed space to radiate eneigy In the 
8-13 (im spectral region and provide radiative cooling of said enclosed space. 

55 20. The coating of daim 1 9 wherein said endosure is a building structure, and said coating comprises a paint, 
and is further characterized in that said matertel is In the form of partides dispersed within said paint 

21. The coating of Claim 20 further characterized by partides of a semimetai dispereed within said paint 
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22. The coating of aaim 19 wherein said selective emissMty material comprises saicon-oxy-nitride. 

23. The coating of Claim 19 further characterized by a semimetal which is reflective of energy in the infrared 
spectral region. 

24. The coating of Claim 23 wherein said structural elements include a transparent window, and said coating 
Is applied to said window. 

25. The coating of Claim 24 further characterized by a first transparent thin film of said semimetal, and a second 
transparent ttiin film of said selective emissM^ material. 
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